However, the laparoscopic approach has several limitations such as a restricted surgical view, prolonged operative time, and difficulty of en bloc resection for locally advanced colorectal cancers. 13, 14 In light of the challenging aspects and overall difficulty of LS, major surgical societies' guideline have recommended consideration of open surgical resection for locally advanced colorectal cancer if a laparoscopic en bloc resection cannot be performed adequately. In addition, there is a lack of evidence that laparoscopic resection of T4 colorectal cancers are safe and feasible. As already noted, the choice of LS for the treatment of locally advanced colorectal cancer is based on preoperative CT scanning, the T staging of which is notoriously inaccurate. Given this unreliability, surgeons naturally are hesitant to follow through with LS for the demanding and troublesome T4 resection procedure.
We hypothesized that not all radiologic T4 colorectal cancers are correlated with pathologic T4 tumors. However, in selected patients, LS offers a clinical advantage such as short hospital stay and similar oncologic safety. Therefore, the aim of this study was to compare R0 resection rate, short-term clinical results, and oncologic outcomes between LS and open surgery (OS) for radiologic T4 colorectal cancer.
MATERIALS AnD METHODS
Prospective database records of 1,312 consecutive patients who had undergone major resection of colorectal cancer between March 2006 and June 2013 were reviewed at our institute. T4 cancer was diagnosed radiologically in 246 patients. Of these patients, emergency operation (n=43), distant metastases (n=18), preoperative chemoradiotherapy (n=13), and multivisceral resection (n=25) were excluded from the study ( Fig. 1) . One-hundred one LS patients were compared with 46 OS patients over the same period. All of the operations had been performed by two surgeons (J. S. K. and J. Y. K.) experienced in the use of both LS and OS techniques for the treatment of colorectal cancer. This study was reviewed and approved by our institutional review board.
The preoperative work-up included a complete historytaking, a physical examination, complete blood count, liver function test, colonoscopy, CT scanning, and positron emission tomography (PET) scanning. In the cases of rectal cancer, an endorectal ultrasound, pelvic magnetic resonance imaging (MRI), or both were additionally performed to assess the extent of local tumor invasion.
Curative surgery was performed after mechanical bowel preparation. All of the patients received surgical treatment on the principle of excision of the primary tumor. In the LS cases, a inferior-lateral approach which performed by pancreas head exposure after dissection of mesocolon and ligation of central vessels with extracorporeal stapled anastomosis was followed in right-sided colon resection, whereas in left-sided colon resection or rectal resection, medial-to-lateral dissection with intracorporeal double-stapled anastomosis or hand-sewn coloanal anastomosis was performed. The completeness of resection was defined based on the operative and pathology reports and classified as follows: R0 (negative gross and microscopic margins), R1 (negative gross margin with positive microscopic margins), R2 (positive gross margins). Margin involvement was determined by the presence of tumor cells from the outermost margin of the lesion to the surgical plane, or when the maximum distance between the tumor and surgical plane was less than 1 mm.
Tumors were staged, based on the final pathologic reports, according to the American Joint Committee on Cancer's 7 th TNM edition. 15 Specimens were evaluated for tumor size, differentiation, depth of penetration, lymph node metastases, and resection margin. The patients were followed-up on at 4-month intervals for the first 2 years, 6-month intervals for the next 3 years, and annually thereafter. The followups included regular history-taking, physical examination, serum carcinoembryonic antigen (CEA) levels, chest X-ray, abdominopelvic CT scanning, colonoscopy, and PET scanning if available. Recurrence was determined clinical and radiological examinations or by histological confirmation.
A statistical analysis was performed using SPSS (version 20.0 for Windows; SPSS Inc., Chicago, IL). A two-tailed t test for continuous variables and a chi-squared test and/or Fisher' s exact test for categorical variables were utilized for comparison of the differences between the two groups. Survival rates were calculated using the Kaplan-Meier method, and the survival curves were compared using a log-rank test. A p value less 
RESULTS
Five patients (5.0%) who initially underwent the LS were converted to the OS due to duodenal invasion during the right hemicolectomy procedure (n=1), uncontrolled bleeding (n=2), or tumor infiltration into the pelvic sidewall in cases of rectal cancer (n=2). These cases were assigned to the OS group because the aim of this study was to compare clinical and oncologic outcomes between LS and OS. A summary of the LS and OS patient demographics is provided in Table 1 . The both groups were well matched in terms of gender, age, history of previous abdominal surgery, and American Society of Anesthesiologists score. However, the patients in the OS group showed a higher percentage of right-side colon cancer (p=0.028), larger tumor (p=0.039), and postoperative complication rate (p=0.002). It is noteworthy that groups' respective rates of resection completion were similar (R0 resection rates: 94.1% in LS group, 95.7% in OS group; p=1.000). Histologic differentiation (p=0.782), pathologic T stage (p=0.397), pathologic N stage (p=0.336), and the numbers of retrieved lymph nodes (p=0.216) were not significantly different. The LS group showed significantly shorter hospital stays (p<0.001), whereas similar operation time (p=0.103) compared with OS group.
As for the surgical procedures and postoperative complications, details are provided in Tables 2 and 3 , respectively. Anterior resection (37.5%) and low anterior resection (33.7%) were common procedures in the LS group, whereas in the OS group, right hemicolectomy (45.7%) was the most common procedure ( Table 2 ). There was no postoperative mortality within 30 days of operation. However, 8 LS patients (8.0%) and 13 OS patients (28.3%) eventually developed postoperative complications. The total number of complication events significantly differed between the two groups (p=0.002). In the LS group, wound infection was noted in 2 patients (2.0%), urinary dysfunction in 2 (2.0%), postoperative ileus in 1 (1.0%), intra-abdominal abscess in 1 (1.0%), anastomotic leakage in 1 (1.0%), and pneumonia in 1 (1.0%), meanwhile in the OS group, wound infection developed in 3 patients (6.5%), urinary dysfunction in 3 (6.5%), postoperative ileus in 4 (8.7%), intraabdominal abscess in 1 (2.2%), anastomotic leakage in 1 (2.2%), and pneumonia in 2 (2.2%) ( Table 3) .
For the median follow-up time of 25.1 months in the LS group (range, 3~81.1) and 23.3 months in the OS group (range, 3~97.8), the 5-year overall survival and disease-free survival rates were 70.3% and 76.5%, respectively. The 5-year overall survival (75.2% vs. 58.7%; p=0.227; Fig. 2 ) and diseasefree survival rate (79.7% vs. 69.1%; p=0.142; Fig. 3 ) was not significantly different in the both LS and OS groups. The 5-year local recurrence rate was neither significantly different (3.4 % vs. 7.8%; p=0.705; Fig. 4 ). 
DISCUSSIOn
International surgical societies have not recommended the laparoscopic approach for locally advanced colorectal cancer if a laparoscopic en bloc resection cannot be performed adequately. 13, 14 Even so, the fact that laparoscopic colorectal surgery has potential benefits in short-term outcomes and oncological safety has led surgeons to consider applying this technique to advanced disease. 11, 12 It is well known that the laparoscopic approach to locally advanced colorectal cancer is technically difficult and demanding with high conversion rates ranging from 2.3% to 26.5% according to recently published data. 11, 12, 16, 17 In the present study, the conversion rate was 5.0%, which compares favorably with the earlier results. This low conversion rate can be explained by the exclusion of patients with chemoradiotherapy, bowel perforation, distant metastases, and multi-visceral resection for whom a higher risk of conversion has been reported. 18 Preoperative CT scanning provides useful information that influences the selection of the clinical treatment strategy. For example, preoperative CT scanning determines resectability whether to operate or not. However, the accuracy of its prediction of T stage, compared with histology, has ranged from 60% to 75%. [2] [3] [4] In our study, of 147 radiologic T4 cancers, only 15 cases (10.2%) revealed pathologic T4 cancer. This low correlation rate between radiologic and pathologic T4 stage might be attributed to exclusion criteria of emergency operation, chemoradiotherapy, and multivisceral resection. However, relative inability to predict invasion depth complicates the choice of surgical technique. Undoubtedly, surgeons should not have to hesitate to select LS where preoperative CT scanning shows suspected T4 lesion. Still, surgeons should exercise caution when choosing the laparoscopic approach for radiologic T4 cancer, because conversion to OS is correlated with a high rate of postoperative morbidity. 9 The major findings in our study are that the LS can be achieved low rate of postoperative complication and high rate of R0 resection in patients with radiologic T4 cancer and that this is associated with shorten hospital stay and acceptable oncologic outcomes when compared with OS.
The adoption of the laparoscopic approach to radiologic T4 cancer, meanwhile, basically depends on the surgeon' s decision after finishing the stage work-up. The present study found that right-sided tumor location (p=0.028) and large tumor size (>5 cm; p=0.039) were significantly higher in the OS group than in the LS group. These results suggest that the selection of the surgical technique in the surgeon's routine practice might be based on the tumor location and size if preoperative CT scanning showed T4 tumor and multivisceral resection was not planned. Complex anatomy and the need for careful dissection and ligation of vessels around critical anatomic structure, especially around superior mesenteric vein and artery, may lead a surgeon to avoid laparoscopic approach in patients with right-sided and huge size colon cancer.
En bloc resection of tumor is very important in cases of multivisceral involvement of colorectal cancer; R0 resection, for example, increases survival rate and decreases recurrence. Whereas some surgeons tend to avoid LS when T4 colorectal cancer is demonstrated by preoperative CT scanning, in the present study, R0 resection rate did not significantly differ between the two procedures, though multivisceral resection was excluded (Table 1) . Therefore, we considered that the laparoscopic procedure could be performed safely in the selected cases which radiologic T4 was presented.
Three authoritative multicenter randomized trials demonstrated no statistical difference in postoperative complications between LS and OS. 5, 7, 9 In our study, however, there were more complications in the OS group than in the LS group (Table 3) . Lacy et al., 6 correspondingly, also noted a greater number of complications in patients treated by OS than by LS. It seems, therefore, that the above noted multicenter randomized trials, though generally considered to be authoritative, should not be assumed to be definitive with respect to the issue of complications.
Concerning long-term results, three of the large-scale studies above mentioned reported 3-year overall survival rates ranging from 67.8% to 86% and 3-year disease-free survival rates ranging from 66.8% to 85% for all stages. 7, 8, 10 Our present survival data is comparable (70.3% for overall survival, 76.5% for disease-free survival) though all of the patients showed T4 lesion by preoperative CT scanning. These favorable oncologic outcomes compared with multicenter randomized trials might be attributable to fact that our study showed low rate of pathologic T4 lesion (10.2%) and high rate of node negative colorectal cancer (46.0%).
Previously mentioned multicenter randomized trials showed no statistical differences in the overall survival and diseasefree survival rates between their LS and OS groups, which included patients with any stage of cancer. The present study was also showed that the overall survival and diseasefree survival rates between LS and OS groups were not significantly different. The local recurrence rate for the LS group was comparable to the result obtained in the OS group. Nonetheless, Lacy et al. 6 found that an LS group of patients had a better overall survival rate (p=0.02) as well as a better cancer-related survival rate (p=0.006) than an OS group with stage III tumor. Guerrieri et al. 11 , evaluating patients with pathologic stage III colon cancer, documented significantly lower local recurrence (p<0.001) and cancer-related death (p=0.001) rates for their LS group relative to their OS group.
We as yet do not know the exact mechanism by which LS is associated with better oncologic outcomes than OS in the locally advanced colorectal cancer. We assume that the adoption of laparoscopic approach to radiologic T4 colorectal cancer might be beneficial for certain patient, on this basis, we believe that surgeons should continue trying to utilize LS in the treatment of such patients.
This study is limited by its retrospective design and by the small number of sample size. Selection of surgical technique between LS and OS depended on surgeon' s decision. Therefore, there was surgeon' s bias in our study and inadequate statistical power because of relatively small study population.
In conclusion, the results of this study show that LS is feasible in the majority of patients with radiologic T4 colorectal cancer if multivisceral resection is not planned. Notwithstanding the limitations of our study, specifically its retrospective nonrandomization and the selection bias resulting from the exercise of the surgeon's preference, we conclude that LS in patients with T4 colorectal cancer staged by preoperative CT scanning is technically safe and feasible in selected cases, and has better perioperative results without compromising oncologic outcomes. However, according to our analysis, the likelihood of T4 colorectal cancer, as presented by preoperative CT scanning, was not directly related to actual histologic T4 stage. Patients with radiologic T4 colorectal cancer should not be excluded from a laparoscopic approach.
